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This new periodontal era can be realized with the progress in nanotechnology, which will allow a 

manipulation of matter at atom and molecular levels. In this review, we provide a comprehensive 

update on recent progress in nanotechnology applications for periodontology with special 

emphasis to novel modes of drug delivery mechanisms and tissue engineering strategies as well 

possible clinical utility. The objective of this review is to gain deeper insight into how 

nanotechnology may play a pivotal role in the treatment of periodontal diseases, by means of 

analysing recent research. 
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1. Introduction 

Periodontal diseases (PDs) are inflammatory disorders that affect the tissues supporting teeth 

and present a serious challenge to oral health throughout the world. Traditional treatment 

methods fail to help many people reach sustained recovery from such severe, chronic disorders 

as eating disorders and other compulsive behaviors. Nanotechnology could therefore represent 

a promising new direction in our ability to identify damaged sites and stimulate repair in the 

context of periodontal disease. 1 This review examines how nanotechnology may transform 

periodontal treatment, including innovative approaches to drug delivery and regeneration 

techniques. 

 

Table : Overview of Nanotechnology Applications in Periodontal Therapy 
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Application 

Description 

 

 

 

 

 

Key Advantages 

Drug Delivery 
Targeted therapy using nanoparticles, 

nanofibers, and nanocapsules 

Enhanced precision, reduced 

side effects 

Tissue 

Regeneration 

Use of nanomaterials, growth factors, and 

stem cells 

Mimics natural structure, 

supports cell growth 

Sustained 

Release 
Controlled release via nanocapsules 

Protects drugs, prolongs 

release 

 

 

2. Nanotechnology in Periodontal Drug Delivery 

Nanotechnology has made possible the formulation of advanced drug delivery systems that 

can specifically target periodontal pathogens and inflammatory sites, thereby improving 

therapeutic outcomes.1 

 

2.1. Nanoparticles for Targeted Therapy 

Nanoparticles, due to their smaller size and ability of surface tuning, seem to be an effective 

target delivery system for certain drugs in periodontics. These particles directly release 

therapeutic substances at the site of infection, which include antimicrobials and anti-

inflammatory medications, amongst others.2 This approach is specific to cancer cells, thereby 

reducing systemic toxicities and increasing treatment efficacy. Antimicrobials and anti-

inflammatory medications are just a few examples of therapeutic substances that can be 

incorporated into these particles to be released directly at the site of infection.2 There is 

scientific evidence available that supports the possibilities of nanoparticle-mediated delivery 

systems in periodontics. As an example, chitosan-based nanoparticles of doxycycline were 

reported to decrease bacterial load and inflammation in periodontal pockets.11 The study also 

documented the effectiveness of liposomal nanoparticles in prolonging curcumin release that 

had significantly inhibited inflammatory cytokines within periodontal tissues. 12 This result 

highlights an attracting perspective in the field of periodontics using nanoparticles for its 

potential therapeutic strategy. 
 

 

2.2. Nanofiber-Based Scaffolds 

Scaffolds whose ingredients also provide these needs but have been successfully used more 

recently for periodontal regeneration are nanofibers. These fibers provide the ECM with an 

environment for cell growth and proliferation.8 They can be improved to enhance tissue 

regeneration through impregnation with bioactive molecules, including growth factors.3 

Various bioactive molecules, including growth factors (e.g., bone morphogenetic proteins 

[BMPs], fibroblast growth factor 2 [FGF-2)], platelet-derived growth factor-BB, 
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antimicrobial agents, or osteogenic and angiogenic peptides essential for enhancing the 

periodontal regeneration process, can be functionalized into nanofibers. For example, it has 

been reported that BMP-2 scaffold constructs can promote bone regeneration in periodontal 

defects. 13 Moreover, nanofiber scaffolds are programmable to deliver these bioactive factors 

in a controlled release manner so that the delivered dose is available at the tissue injury site 

over time. This feature not only boosts the therapeutic potential for regeneration but also 

minimizes repeat applications of lipopeptide therapeutics and thereby makes treatment more 

efficacious and patient-convenient. Unfortunately, little evidence has been shown for 

accelerated regeneration of both periodontal ligament and alveolar bone when PDGF was 

incorporated in nanofiber scaffolds. 14 

 

2.3. Nanocapsules for Sustained Release 

Nanocapsules are better suited for periodontal therapy as they release the therapeutic agent in 

a controlled and sustained manner. Its fast degrading enzyme like trypsin can be prevented by 

encapsulating several drugs; it speeds release/metabolization of the drug slowly which stays 

for extended periods, that ability is leverage in the treatment periodontal problems. 4 The 

sustained release of drugs by the nanocapsules results in a constant therapeutic effect at the 

desired site, thereby obviating repeated dosing and consequently decreasing systemic 

exposure which inherently lowers risk for side effects. For example, the antibiotic doxycycline 

is a typical drug in periodontal therapy and nanoparticle delivery studies have shown that 

encapsulation of this molecule into nanocapsules can prolong its release rates over 14 days 

thereby decreasing bacterial load/inflammation at deeper regions within infected pockets.15 

We may also create nanocapsules which will respond only to special stimulus-based 

conditions encountered in the periodontal environment (e. g., changes of pH or enzymatic 

activity), releasing contained drug at most appropriate time and site. This targeted approach 

enhances the effectiveness of treatment and minimizes drug waste as well as peripheral on-

target cytotoxicity. For example, pH-sensitive nanocapsules can be synthesized and prepared 

to specifically release antibiotics in a burst-release manner with increased concentration 

within acidic inflamed periodontal microenvironment. 16 
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Figure 1. This signifies about the details of nanomaterials as scaffold27 

 

3. Regenerative Approaches Employing Nanotechnology 

Nanotechnology plays a multifaceted role in tissue regeneration, particularly in the 

periodontium, involving the use of nanomaterials, growth factors, and stem cells to restore 

damaged tissues 

 

3.1 Utilization of Nanomaterials in Tissue Engineering 

In periodontal tissue engineering, nanomaterials such as bioactive glass and hydroxyapatite 

nanoparticles are increasingly being utilized.10 The naturally occurring extracellular matrix is 

mimicked in order to promote adhesion, proliferation and differentiation of the periodontal 

cells being targeted. 5 These nanoparticles have the potential to be used as a therapeutic 

approach for periodontal functional and structural regeneration. When incorporated into a 

biomaterial, bioactive glass nanoparticles are known to induce bone mineralization by 

integrating with bodily fluids and forming a hydroxycarbonate apatite layer similar to that 

found on natural bone. One of the key characteristics is its ability to allow excellent adhesion 

and proliferation, as well as the capacity to differentiate into an osteoblastic lineage, which 

contributes to alveolar bone regeneration. When incorporated into scaffolds, bioactive glass 

nanoparticles have been shown to greatly enhance bone formation at periodontal defects, 

creating a scaffold suitable for hard tissue as well as soft tissue regeneration. 17 Many people 

are interested in hydroxyapatite (HA) nanoparticles because they are a type of nanomaterial 

that looks like bone tissue and has good biocompatibility and osteoconductive properties when 

used as a scaffold material to grow new periodontal tissues. The nanoparticles are a guide for 

depositing calcium and phosphorus ions needed to regenerate new bone. Several studies have 

reported that hydroxyapatite nanoparticles incorporated scaffolds promote cell preadhesion 

and high preproliferation rates, outperforming conventional materials in the structural as well 

as functional regeneration of periodontal tissues. 18 In addition to this, the nanoscale size is 

said to offer a high surface area that likely provides an advantageous scaffold interaction for 
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cells and bioactive molecule interactions leading toward enhanced regenerative potential. The 

mild release of ions from the nanoparticles can also control local regions, facilitating 

angiogenesis and tissue regeneration. As an example, research has demonstrated that 

hydroxyapatite nanoparticles can be incorporated with growth factors or antimicrobial agents 

to develop multifunctional scaffolds that not only support the regeneration of tissues but are 

also responsible for preventing infections. 19 

 

3.2. Integration of Growth Factors and Stem Cells on Nanotechnology Platforms 

Emergence of new approaches for periodontal regeneration based on stem cells from different 

sources and growth factors, supported by a variety of nanotechnology platforms. Biochemical 

approach: Nano-based can be applicable for multiplication of growth factor-releasing 

nanoparticles made to stimulate regeneration. 6 Nanofiber scaffolds can also help to drive stem 

cell organization and differentiation as a potential modality for constructing the complex 

periodontal system. Closure of growth factors by nanoparticles Growth factors are enclosed 

inside the nanoparticular carriers and gradually released over time. It is essential in the field 

of periodontal-regeneration, a process that biologically direct around each scaffold should be 

released stably because it applies an induction signal for cells to recruitment and proliferation 

differentiation. Functionalized nanoparticles Ca-PNP DDS (drug delivery system) circulate 

the growth factors such as BMPs and PDGF to potentially promote periodontal tissue 

regeneration leading not only soft but also hard tissues formation which was proven by a 

number of clinical studies. A study by Lee et al. Franz et al. Similarly, Chen et al. (2016) 

conducted a study to assess whether the rate of bone formation and osteogenesis in 1-mm 

periodontal defects could be enhanced by BMP-2 delivered into nanocarriers. The electrospun 

nanofiber scaffolds also has been reported as a promising platform for tissue engineering and 

stem cell delivery with the results which similar to that of.20 These scaffolds provide a three-

dimensional (3D) extracellular matrix-like structure for adhesion, proliferation and 

differentiation of stem cells. Since mesenchymal stem cells (MSCs), which are important for 

periodontal regeneration, have the ability to easily migrate into porous materials that 

preferentially express nanotopographical features since they can recognize and be responsive 

directly. The functionalization of these nanofibrous structures with certain growth factors was 

well investigated in the literature and it is convincing that this type of approach can improve 

the viability or regenerative potential when stem cells are to be regenerate a tissue. In one case, 

aligned electrospun nanofibers that encode FGF-2 stimulated stem cell proliferation and 

differentiation into the cell types of periodontal tissue. 21 
 

3.1. Nanorobotics: The Next Frontier in Periodontal Therapy 

In nanorobots, the union between nanotechnology and precision medicine to treat periodontal 

diseases reaches its peak. These little robots could be a transformative tool in treating the 

conditions. They can move through the complex structure of a periodontal pocket, administer 

site-specific antimicrobials, and perform mechanical debridement, allowing for exquisite 

tissue regeneration. 7 These therapies are highly effective largely because they act at the 

ground level, and being minimally invasive drastically reduces risks associated with 

conventional treatments. A lot more work needs to be done before nanorobots show up next 

time at your dentist, but new avenues for treatment, management, or even cure of this group 

of disease appear on the horizon. 
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4. Challenges and Future Directions. 

Despite the remarkable progress in nanotechnology for periodontal therapy, several obstacles 

must be addressed to translate these advancements into routine clinical practice 

 

4.1Biocompatibility and Safety Concerns. 

The use of nanomaterials in medical applications results in such close interaction with the 

human body that long-term safety and biocompatibility are one of the most significant 

problems facing nanomedicine. High lights Thousands of experimental studies suggest 

potential approaches. Cytotoxicity and immunogenic One consideration when generating a 

large body argument. 8 Because of the need to be safe for general application, these materials 

must undergo lengthy preclinical and clinical testing. A lot of preclinical and clinical testing 

must be done to show that these nanomaterials are safe for patients. Nanoparticle toxicity is 

dependent on size, shape, and surface chemistry, as these studies have shown a spectrum of 

different levels for inflammatory responses by nanomaterials. 22,23 

 

4.2. Regulatory Challenges. 

Laws necessary for nanotechnology-based treatments The current laws governing nano based 

treatment is being developed. For both, their clinical adoption requires them to meet the high 

criteria for safety and efficacy. Finally, more research should be done to further develop 

strategies for implementing in Tissue regeneration enormously needed. There is an urgent 

need for the development of strong regulatory frameworks, particularly in tissue repair, to 

define specific guidelines on implementing such technologies. Regulatory agencies have 

emphasized of late the necessity for standardization in nanomaterial characterization and 

reproducibility between studies. 24 

 
 

4.3 Ethical Challenges 

A vital concern related to all experimental methodologies include ethical dilemmas around 

patient consent and information disclosure, nuances involve perils of advantage to hazard ratio 

as well comprehension on the part of patients. As described above, the hypothetical hazard 

along with additive hidden effects gives rise to an uneasy matter regarding ethical use of 

nanotechnology in health care. Yet, the uncertain risks of nanomaterials for future generations 

and their chronic low dose effects upon long exposure remain an ethical challenge demanding 

careful attention. And finally, and certainly my strongest critique of this work is that it would 

be impossible to provide a fully informative consent process in an ethical manner. In addition, 

the remaining unknowns regarding potential long term effects of nanotechnology justify ethics 

continuing to go hand in and with science as it applies within patient care. 25,26 
 

4.4 Cost considerations in Periodontal therapy 

Though nanotechnology has great advantages, it is potentially expensive due to the integration 

of this technique with periodontal therapy. Notably, the preparation of nanomaterials and their 

subsequent commercial implementation usually involves advanced technology and highly 

specialized equipment hence making such a process cost-intensive. High Research and 

development cost which include setting up laboratories and clinical trials, Production and 
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Manufacturing cost which demarcates the high cost of nano-particles used in clinical setup & 

lastly,market affordability and accessibility pose a significant amount of threat. 

 

Conclusion 

Nanotechnology is revolutionizing the conventional approaches of medication delivery, tissue 

regeneration, and disease control in periodontal therapy. By digging deeper into them, they 

can even overcome the present hindrance to therapy and provide excellent patient outcomes. 

However, we need to overcome these obstacles if we want to incorporate nanotechnology into 

real periodontal therapy. 
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